Theoretical and experimental studies of the interaction of two counterpropagating light waves on dynamic reêection gratings formed in the Denisyuk scheme in cubic photorefractive crystals due to the diffusion mechanism of the charge transfer are considered. The results are presented which demonstrate the possibility of using dynamic photorefractive Denisyuk holograms to design adaptive elements of measuring systems based on optical and ébreoptic interferometers.
Introduction
Optical photorefractive nonlinearity is observed in crystals without the symmetry centre at laser radiation intensities $ 1 mW mm À2 . Two-wave and four-wave processes of light self-action caused by the photorefractive nonlinearity are accompanied by the formation of volume holograms in the crystal and can be used in optical memory, the ampliéca-tion and phase conjugation of light beams and holographic interferometry [1 ë 5] . The dynamic character of produced three-dimensional phase holograms allows one, for example, to use two-wave interaction for the adaptive correlation éltration of speckle patterns of the light éeld in precision optical sensors [6 ë 8] . Cubic photorefractive crystals belonging to noncentrally symmetric classes 23 [sillenites Bi 12 SiO 20 (BSO), Bi 12 GeO 20 (BGO), Bi 12 TiO 20 (BTO)] and " 43m (high-resistance GaAs, GaP, InP, CdTe semiconductors) are attractive for such applications due to their fast response and resistance to external factors (temperature, humidity, vibrations, etc.). Many parameters of these crystals can be found in [1 ë 5] as well as in recent review [9] .
To increase the diffraction eféciency of the transmission hologram produced in the conventional scheme of interaction between two copropagating beams in a cubic crystal with small electrooptical coefécients (r 41 $ 1 À 5 pm V À1 ), the external electric éeld strength should exceed 10 kV cm À1 [1 ë 9] . In the absence of the external éeld, a signiécant photorefractive response in cubic crystals can be achieved upon the interaction of counterpropagating light waves on a volume reêection hologram formed in the Denisyuk scheme [10, 11] . These papers substantiate the principles and geometry of writing and reading reêection holograms, describe their main properties and point out their possible applications.
The interaction of light waves on reêection gratings in photorefractive crystals, in particular, BSO and BGO, was analysed theoretically and numerically (for example, in papers [12 ë 16] ) by neglecting, however, the natural optical activity inherent in these cubic crystals. The effect of the optical activity on the features of reêection holograms in cubic photorefractive (001) crystals was érst studied in papers [17, 18] . The dependence of the output energy parameters of the hologram (the diffraction eféciency and relative intensity of the signal wave during the twowave interaction) on the crystal thickness was obtained and studied in [18] . It was shown that when the modulus of the coupling constant was smaller than the speciéc rotation of the crystal, the dependence of the output energy parameters of the hologram on the crystal thickness was oscillatory.
The érst experimental studies [16, 19 ë 22] demonstrated the possibility of producing photorefractive Denisyuk holograms in BGO, BTO and BSO crystals of the (100) and (111) cuts. The maximum photorefractive response was observed in doped Fe, Cu : BTO samples (the diffraction eféciency of a hologram exceeded 60 %) [20] and Cd : BTO samples (the two-beam gain achieved 1.33 cm À1 ) [22] in the form of plates cut normal to the [100] crystallographic direction [the (100) cut]. The authors of papers [21, 22] revealed the vector character of the interaction of counterpropagating waves in the (100) cut, which consisted in the inêuence of the pumpbeam intensity and orientation of its polarisation vector on the amplitude and polarisation vector of the weak signal beam. The simple theoretical model of this interaction in the (100) crystal [22] taking into account the optical activity and light absorption was consistent with the experimental results.
The vector interaction of light waves on phase reêection gratings in photorefractive sillenite crystals of an arbitrary cut was considered in paper [23] in the undepleted pump approximation. Apart from the natural optical activity and absorption of light, the photoelastic contribution to the phase modulation of the crystal optical properties by the spatial charge éeld of the grating was taken into account in [23] . The method taking into account the photoelastic contribution for photorefractive gratings in cubic piezoelectric crystals was described, for example, in papers [24 ë 26] . Explicit expressions for the components of the inverse permittivity tensor in cubic photorefractive crystals for an arbitrary orientation of the holographic grating vector were obtained in [27] (they are also presented in [5] , p. 229 in notations used in [27] ).
The scalar model of the interaction of two counterpropagating linearly polarised waves taking into account the change in the pump power but neglecting the transformation of their polarisation vectors was used in [28] to analyse the formation dynamics of the phase reêection hologram in a (100) BTO crystal. Paper [29] was devoted to the theoretical and experimental study of the two-beam interaction of circularly polarised waves on the reêection grating having the phase and amplitude components in a (111) Ca, Ga : BTO crystal. Thus, the reêection hologram produced in the photorefractive crystal due to the diffusion mechanism of the charge redistribution over donor and trap defect centres can have, along with the phase component, the amplitude component as well.
Due to the trap saturation effect [1, 4, 5] , to achieve the maximum photorefractive response during the interaction of counterpropagating waves on reêection holograms, a crystal should have a high concentration of trap centres. Sillenite BSO and BTO crystals, in which the high eféciency of interaction of counterpropagating waves was demonstrated experimentally [20, 22, 28 ë 31] , correspond to this condition.
It was found in [22] that the ampliécation of a signal by reêection holograms in a cubic optically active photorefractive crystal cut perpendicular to the [111] crystallographic axis was smaller than that in the crystal cut perpendicular to the [001] axis. This statement is valid for small crystal thicknesses. This is also valid for any practically achievable thicknesses of a cubic crystal of the " 43m symmetry with the same parameters, in which the optical activity is forbidden by the symmetry rules. However, this statement is not valid for cubic photorefractive optically active crystals. Studies performed in [32] showed that for certain crystal thicknesses, the (111) cut is preferable than the (001) cut both to obtain a high signal gain and to optimise the diffraction eféciency. Note that the polarisation dependences of the two-beam ampliécation eféciency of the phase-modulated signal wave on the reêection photorefractive grating in three identical (111) BSO, BTO and BGO crystals were studied in detail in paper [33] .
Of great practical interest is the problem of determining the maximum achievable polarisation-optimised output parameters of the reêection holograms written in cubic optically active crystals in the Denisyuk scheme and the study of the dependence of these parameters on the crystal thickness and cut. This problem was partially considered in [32] and more completely solved in papers [34 ë 36] by using the indicating surface method. The indicating surfaces of the polarisation-optimised diffraction eféciency of reêection holograms in a cubic photorefractive optically active crystal were constructed and analysed in [35] . Similar surfaces for the relative intensity of the object wave were considered in [34, 36] .
The possibility of the efécient use of the interaction of counterpropagating waves on reêection holograms in BSO and BTO crystals of the (111) and (100) cuts in holographic interferometry devices, for adaptive correlation éltration of dynamic speckle patters and in precision subnanometer control systems for positioning reêecting surfaces was demonstrated in [19, 20, 37 ë 41] .
Below, we consider in detail the papers devoted to the theoretical analysis and experimental studies of the interaction of counterpropagating light waves on dynamic reêection Denisyuk gratings produced in cubic photorefractive crystals due to the diffusion charge transfer and their use to construct adaptive holographic correlators and interferometers.
General equations describing the interaction of two counterpropagating plane light waves
The light éelds of plane signal (S) and pump (P) waves with the wave normals n S and n P respectively ( Fig. 1) , which interact in a cubic crystal of symmetry 23, in view of the natural gyrotropy inherent in the crystal, can be represented in the from of a superposition of circularly polarised waves [23, 28, 29, 31, 42] :
where e 1Y2 (y 0 AE iz 0 )a 2 p are the unit vectors corresponding to the left and right circular polarisations; n 1Y2 n 0 AErak 0 are the refractive indices of the natural waves; y 0 and z 0 are the unit vectors of the laboratory coordinate system (see Fig. 1 ); k 0 2pal is the wave number in the vacuum; n 0 and a are the refractive index and absorption coefécient of the unperturbed crystal, respectively, and r is its speciéc optical rotation. The interference pattern of the signal and pump waves producing a hologram in the crystal has the grating vector K 2k 0 n 0 x 0 , the contrast m and the average intensity I 0 :
The photoexcitation of charge carriers exposed to nonuniform illumination is accompanied by their redistribution among defect centres. At the low contrast (m 5 1), the distribution of the volume charge produced in the absence of the external electric éeld due to the diffusion mechanism, contains only the érst spatial harmonic with the vector K and the spatial period L la2n 0 displaced by the quarter of this period with respect to the interference pattern [1 ë 5] . The érst harmonic amplitude of the electrostatic éeld produced by the volume charge is a linear function of the contrast
and its formation dynamics is determined by the function E sc (t) depending on the energy level diagram of defect centres. In the case of the single-level band model of a photorefractive crystal [43] , the stationary value of this functioñ
is determined by the diffusion éeld E d (k B Tae)K and the trap saturation éeld E q eN a a(eK), where K jKj; k B is the Boltzmann constant; T is the temperature; e is the elementary electric charge; N a is the concentration of compensating acceptor centres; and e is the crystal static permittivity. The modulation of the crystal refractive index by the spatial discharge éeld caused by the linear electrooptical effect and the combined action of the piezoelectric and photoelastic effects [5, 24 ë 27] , provides the phase (photorefractive) component of the dynamic hologram. Because of the complex structure of defect centres, photoinduced changes in the optical absorption [44] , which contribute to the amplitude (absorption) component of this reêection hologram, can proceed in the crystal. In the linear approximation in contrast m, the amplitude of the érst spatial harmonic of the absorption grating can be represented in the form Da 1 (xY t) m(x)a g (t), where a g (t) is the parameter characterising the spatially inhomogeneous photoinduced changes in the crystal absorption.
Taking into account the local relation of the absorption component of the hologram with the interference pattern and contributions of the electrooptical and photoelastic effects to the phase component, it is possible to obtain perturbations of the corresponding tensor components with respect to the permittivity in the from [31] and P E mnkl are the components of the electrooptical tensor of a clamped crystal and the photoelastic tensor measured at a constant electric éeld; g ki are the components of the tensor inverse to
ijkl and e pir are the tensor components of the elasticity moduli and piezoelectric constants.
The transformation of the energy and polarisation characteristics of the signal and pump waves interacting on the holographic grating under study is described by the coupled-wave equations [31] :
where
Dbe 2 ) and g abs a g a(k 0 n 3 0 r S 41 E sc ) in Eqns (10) ë (13) characterise the contributions of the phase and absorption components of the hologram, respectively, to the intermode processes (with a change in the intrinsic refractive index) during the interaction of counterpropagating waves. The intramode interaction (without a change in the intrinsic refractive index), characterised by the coefécient g I (e Ã 1 Dbe 2 ), is determined only by the phase component of the given hologram. The contribution of the absorption component of the grating is isotropic and the coefécient g abs is independent of the direction of its vector K, which is parallel to the unit vector x 0 in the case under study:
The anisotropy of the coefécients g I and g E determining the eféciency and polarisation characteristics of the interaction of the signal and pump waves on the reêection hologram was studied in detail for the BTO crystal in paper [31] . The coefécients g I and g E calculated for BTO and BSO crystals at different orientations by using data from [23, 31] are presented in Table 1 .
The coupling constant entering Eqns (10) ë (13), which determines the interaction eféciency on the reêection grating with a small spatial period, is restricted by the concentration N a of traps among which the volume charge is redistributed in a photorefractive crystal. Under stationary conditions, we haveg k 0 n 3 0 r S 41Ẽsc , whereg is the effective coupling constant and the effective éeld of the spatial chargeẼ sc is determined by relation (6) . The dependence of the coupling constantg on the concentration N a of acceptors for a photorefractive Denisyuk hologram produced at a wavelength of 633 nm in a BTO crystal (L 123 nm) is shown in Fig. 2 .
One can see that for BTO crystals with the acceptor concentration N a 4 Â 10 23 m À3 , the coupling constant has the value 8 cm À1 , which is achieved when the hologram is produced in`transmission' only in the external electric éeld.
Two-beam interaction of linearly polarised waves
The amplitudes of linearly polarised interacting waves satisfy the conditions
and can be represented in the from:
C S1Y2 x jC S xj expAEij S x.
In this case, the passage to the intensities of the signal and pump waves in the crystal,Ĩ S x $ jC S1 (x)j 2 jC S2 (x)j 2 exp (ax) andĨ P x $ jC P1 xj 2 jC P2 xj 2 Â exp (Àax) allows one to obtain from (10) ë (13) the equations describing the interaction of linearly polarised counterpropagating waves in an arbitrarily oriented crystal [31] :
where Dj j S À j P ; j I is the argument of the complex coefécient g I . In the case of the negligibly small contribution of the absorption grating to the interaction, we obtaiñ
from Eqns (15) and (16) , which allows us to introduce the effective gain Pump-wave propagation dirfection mnp
[100] " 100 1 " 10 " 110 111 for the interaction of counterpropagating waves in a crystal of thickness d [31] . This coefécient can be expressed through the intensities of the interacting waves, which can be determined from the experimental data:
The coefécient G eff characterises the eféciency of the vector interaction of counterpropagating waves on the phase reêection grating and is independent of light absorption in the crystal and of absorption changes proceeding during grating formation. Analysis of the coefécients g I and g E presented in Table 1 shows that the eféciency of the two-beam interaction on the reêection Denisyuk hologram is maximum in the (100) crystals. However, the interaction maximum is observed when the polarisation vectors of light waves are oriented along the {011} directions [23, 31] . Optical rotation due to the natural optical activity reduces the effective gain with increasing the crystal thickness. This is well observed in Fig. 3a borrowed from paper [31] , where the results of the numerical integration of the system of equations (10) ë (13) are presented for a (100)-cut bismuth titanate crystal with the speciéc optical rotation r À6X34 deg mm À1 and the effective coupling constantg 6X8 cm À1 at 633 nm. It was assumed in calculations that the reêection hologram was formed upon the interaction of the incident pump beam with the signal beam reêected from the sample output face (x 0), while the input face (x Àd ) had an antireêection coating. In this case, the intensities and phases of the interacting waves for x 0 are related by the expressions I S 0 Ĩ P 0R 2 and j P (0) j S (0) y P0 , where R is the Fresnel reêection coefécient for the normal incidence and y P0 is the angle between the polarisation vector of the light éeld at the crystal output face and the y axis of the coordinate system (Fig. 1) . The dependences of the effective gain on the output angle y P0 calculated by (21) for crystals with the thicknesses d 0X1, 2.6 and 5.0 mm show that the gain maximum G eff 6X8 cm À1 is achieved at the minimum thickness d 0X1 mm for y P0 1358. For y P0 458, the gain achieves the same extreme but negative value corresponding to the most efécient power transfer from the signal beam to the pump beam. As the crystal thickness is increased, the amplitudes of extrema decrease and at negative values of the optical rotation they shift to the smaller values of the angle y P0 the stronger the thicker the crystal. Figure 3a shows that experimental data [31] obtained for a 2.6-mm-thick Fe, Cu : Bi 12 TiO 20 crystal are consistent with the model of the interaction of counterpropagating plane light waves on a dynamic photorefractive hologram, and large gains can be achieved in bismuth titanate crystals without applying an external electric éeld. Experiments performed in [28, 30, 31, 42, 45, 46] showed that the effective gain depends on the stoichiometric composition and impurities contained in BTO crystals, and for the (100) crystals of thickness up to 10 mm the gain acquires the values from 1 to 7.4 cm À1 . Figure 3b illustrates the change in the polarisation vectors of the signal and pump waves interacting on a dynamic hologram in the Fe, Cu : Bi 12 TiO 20 crystal [31] . A comparison of the dependences of the polarisation angles y P ( À d) and y S ( À d), by which the pump and signal waves are characterised on the input face x Àd, on the`output' angle y P0 with the dependences G eff (y P0 ) presented in Fig. 3a shows that the polarisations of these waves are similar for the extreme values of the gain. However, the maximum additional optical rotation of the signal wave due to the interaction on this reêection hologram is observed for G eff 0.
As the gain decreases with increasing the crystal thickness, the {100} cuts cease to be optimal at a certain crystal thickness d b d k [35, 36] . In this case,`the optimal cut' is deéned by the authors as a complex of symmetrically equivalent planes parallel to the working faces of the crystal with the éxed thickness and written phase reêection grating for which the polarisation-optimised diffraction eféciency Z opt of the hologram achieves the maximum value Z max .
Optimal crystal cuts of thickness d b d k are characterised by a family of planes with normals directed close to the {111} directions in accordance with the triad axis [35, 36] . As the crystal thickness is changed, the normals to the optimal-cut planes deviate slightly (the angle between the direction of any of them and the triad axis does not exceed 7.68 for a BSO crystal), only in some cases [for d ppa(2r), where p 2, 4, ...] degenerating into the triad axis of the type h111iX
The qualitative estimates of the dependences of the diffraction eféciency of the reêection hologram and the gain upon the two-wave interaction on the reêection hologram written in the BSO crystal on the thickness of the (001)-and (111)-cut crystals can be obtained by analysing the results obtained in [32] . 
Adaptive holographic correlator on dynamic Denisyuk holograms
Measuring systems based on optical or ébreoptic interferometers have a number of advantages, the most important among them being their high sensitivity. However, the high sensitivity under real conditions can be often undesirable, making the measuring system prone to the inêuence of the environmental parameters (temperature, mechanic stresses and vibrations, pressure, etc.). At the same time it is known that the two-wave mixing in photorefractive crystals can be used not only to transform eféciently the phase modulation of the optical interferometer radiation to the modulation of the output optical power but also to compensate for the low-frequency modulation caused by the change in the environmental conditions [6 ë 8, 47 ë 49]. By using the reêection scheme, it is possible, as mentioned above, to produce efécient dynamic holograms in photorefractive crystals containing a sufécient amount of photoactive trap centres without applying the external electric éeld to the crystal, and, hence, to simplify considerably measuring systems based on photorefractive holograms. The phase demodulation system based on such dynamic holograms can be constructed by using the speckle correlator or interferometer schemes.
The adaptive holographic correlator scheme in the photorefractive crystal can be constructed by using two light beams, one of which is obtained due to the partial reêection of a light wave reêected inside the crystal from its output face (Fig. 4a) . If the initial light wave is obtained, for example, at the output of a multimode ébre (MMF) or due to scattering of coherent radiation from a rough surface and has a complicated speckle intensity distribution (see inset in Fig. 4a) , the diffraction eféciency of a hologram produced by this wave will be a function of spatial coordinates in the plane perpendicular to the wave propagation direction. When such a hologram is read out by the initial speckle beam, diffracted waves appear whose power will be determined by the function of the spatial correlation between the intensity distributions of the speckle éeld and its diffraction eféciency. Thus, the change in the intensity distribution of the input light wave caused by the external interaction (being measured) will lead to the power modulation of the light wave reêected from the hologram.
In the case of a light wave emerged from the MMF, the change in the radiation power reêected from the hologram, caused by a change in the speckle pattern produced by the external action, is described by the expression [50] 
where t R is the writing time of the hologram; P R0 is the radiation power diffracted from the reêection hologram, corresponding to the established regime (t 4 t R ); DF is the phase difference between the MMF modes, changing due to the external action; and T is the characteristic time (period) of the phase difference variation. Note that, if the longitudinal size of speckles is smaller than the photorefractive crystal thickness, the chaotic changes in the speckle pattern typical of MMFs will not cause the power modulation of the diffracted radiation due to the statistic averaging of successive contributions to the power variation in different`layers' of the volume hologram. In the case of determined variations in the speckle pattern, for example, during the reêection of a wave containing the speckle pattern from an oscillating mirror turned to it by the angle 458 (Fig. 4a) , the demodulation signal will be detected. Figure 4b presents the shape of the demodulation signal after the introduction of the harmonic phase modulation DF F 0 sin Ot to the initial wave. The change in the diffracted radiation power is observed in this case at the second-harmonic frequency of the modulation signal, in agreement with expression (22) in which the integrand is an even function of the phase difference DF.
As mentioned above, the gain in the interaction of two counterpropagating waves in (100)-cut crystals, which determines the sensitivity of the adaptive correlation élter to changes in the speckle pattern, depends on the input radiation polarisation. In addition, diffraction from the reêection hologram in the samples of this cut is anisotropic in the general case, which leads to changes not only in the power but also in the polarisation state of the reêected light wave (Fig. 3b) . The maximum values of G eff and Dx R in this crystal were 2.1 cm À1 and 608, respectively. One can see that the experimental data are in satisfactory agreement with numerical calculations based on the theoretical model considered above. As for the Fe, Cu : Bi 12 TiO 20 crystal (Fig. 3) , the maximum ampliécation/attenuation of the signal beam (for x 0 1508 or 758) is observed at the minimal optical rotation of this beam. At the same time, the maximum induced optical rotation of the signal beam is accompanied by virtually zero ampliécation (for x 0 408 and 1108). This circumstance allows one to use separately both the power modulation of the nonstationary signal light beam on the reêection grating and the modulation of its polarisation state, which can be easily recorded by using an analyser placed in front of the photodetector (see Fig. 4a ). Figure 6 presents the time dependences of the total power P R of the beam reêected from the grating and containing the speckle structure, and the amplitude of its variation at the second harmonic frequency (DP R ). Here, the increase in the amplitude of the alternate signal corresponds to the growth dynamics of the light beam power reêected from the grating, i.e. demonstrates the character of the grating formation. This conérms the fact that the power modulation of the reêected radiation is the result of interaction of the nonstationary optical éeld on the dynamic hologram produced by this éeld in the photorefractive crystal.
The time dependences of the amplitude of the power modulation of the reêected light wave at the érst and second harmonic-frequencies of the modulated signal during the formation of the reêection grating in the crystal are presented in Fig. 7 . One can see that the érst-harmonic amplitude [curve ( 1 )] achieves much smaller values compared to the second-harmonic amplitude [curve ( 2 )] and is not stable. The presence of the érst harmonic in the alternating signal is explained by the speckle modulation on the aperture of optical elements and by the random êuctuations of the speckle pattern. The stable alternating signal is observed at the second harmonic, in agreement with the conclusions made above.
To process the nonstationary éeld containing the speckle pattern by modulating the polarisation state of the reêected beam, the angle x 0 between the polarisation plane of the input wave and the [001] axis of the crystal was set equal to 408 in accordance with the results presented in Fig. 5 . In addition, variations of the signal-beam polarisation were transformed to the intensity variations by using an analyser placed in front of a photodetector. The dynamics of the power amplitude variations at the second-harmonic frequency is shown by curve ( 3 ) in Fig. 7 . One can see that a stable signal exceeding the êuctuations at the érst-harmonic frequency is also observed. Thus, by using the reêection Denisyuk scheme, we performed the adaptive correlation éltration in cubic photorefractive crystals due to the high eféciency of the hologram, which does not require the use of the external electric éeld. Along with the absence of the external reference wave in the scheme, this signiécantly simpliées the measuring system, improves its reliability and reduces the power consumption. At the same time, the transformation (doubling) of the output signal frequency negatively affects the metrological performance of the measuring system, thus limiting the scope of its possible applications. The linear regime of the phase demodulation can be achieved by using the vector wave mixing in the Denisyuk hologram.
Adaptive interferometer based on the vector wave mixing in the Denisyuk hologram
For a dynamic hologram formed by two light waves, one of which is produced due to Fresnel reêection from the crystal output face (Fig. 4a) , the phase modulation in the reêected wave repeats all the phase variations of the initial wave, which makes it impossible to use this scheme as a holographic demodulator. To perform the direct phase demodulation of the light wave, it is necessary to use the reference wave, which is independent of the signal wave (Fig. 8a) .
It is known that the self-diffraction of two coherent waves on the dynamic hologram formed by these waves leads to the power transfer from one wave to the other, while the phase modulation introduced into one of the waves causes the modulation of output wave power. In this case, the phase demodulation regime depends on the phase shift acquired by the wave, which is the result of diffraction from the dynamic hologram. If the phase shift for the diffracted light éeld is equal to 0 or p, the quadratic regime is realised, the demodulation signal appearing at the secondharmonic frequency. The linear phase demodulation, when the power modulation appears at the same frequency as the phase modulation, is realised by phase shifting the diffracted éeld by pa2.
The phase shift of the diffracted éeld, which is the sum of the phase difference between the photorefractive grating and interference pattern and the additional phase shift Àpa2 upon diffraction from the phase grating, is determined by the writing mechanism of the hologram in the photorefractive crystal. In the case of the diffusion writing mechanism (in the absence of an external electric éeld or in an alternating éeld with the switching period shorter than the hologram writing time), the total phase shift is 0 or p, which corresponds to the quadratic phase demodulation regime [1] . In the case of the drift writing, when a constant electric éeld is applied to the crystal, the linear regime of the phase demodulation is achieved (by providing the phase shift by pa2 or Àpa2) [1] . However, a strong constant electric éeld applied to the crystal leads to its overheating (up to its damage). As a result, it is necessary to perform measurements within short time intervals alternated by thè silence' periods [7] . In addition, this measuring system cannot be used for prolonged monitoring in the autonomous regime because it has the enhanced power consumption.
If the diffraction of a light wave from a dynamic hologram is anisotropic and the polarisation plane of the diffracted éeld is rotated by 908, it is possible to achieve the linear regime of the phase modulation transformation of the signal wave to its power variation for the diffuse writing mechanism as well. The necessary condition of the linear phase demodulation is the mixing of two waves with different polarisations: one wave should be linearly polarised and the other ë elliptically polarised. The demodulation linearity is achieved due to the fact that the internal phase difference in pa2 between the orthogonal components of the elliptically polarised wave provides an additional phase shift between the transmitted signal wave and the reference wave éeld. The linear phase demodulation regime realised due to the vector mixing of waves with different polarisations in the diffusion hologram in the transmission geometry was érst experimentally demonstrated in paper [51] . Later, this approach was realised in the reêection geometry of the dynamic hologram formation shown in Fig. 8a [52] . Here, the signal wave is linearly polarised and the reference wave is elliptically polarised. Based on the rigorous theory of the vector wave mixing [53] , it was shown that in the geometry under study the linear phase demodulation regime is achieved, which is illustrated by the oscillograms of the phase modulation signals and by changes in the optical power directly measured by the photodetector (Fig. 8b) .
It is known that a classical homodyne interferometer operating in the quadrature regime has the maximum possible sensitivity to phase variations [7] . For an adaptive interferometer based on the diffusion writing of a dynamic hologram, the ratio d rel of the minimum éxed phase modulation to the minimum modulation detected by the classical interferometer is determined by the expression [54] :
where P S and DP S are the power and amplitude of the signal wave power modulation, respectively, and F 0 is the phase modulation amplitude of the signal light wave. The sensitivities of the reêection and transmission schemes can be compared by studying the dependence of the relative detection limit on the spatial period L of the holographic grating formed in the photorefractive crystal. Figure 9 shows the dependences d rel (L) obtained in [54] for two cubic V : CdTe crystals in which photorefractive holograms were written by IR radiation at 1064 nm. One can see that, as the holographic grating period was decreased from 5.2 to 0.8 mm in the transmission geometry, the relative detection range decreased; however, its minimum value for each of the crystals was achieved only in the reêection geometry (L 0X19 mm). As mentioned above, the high eféciency of the reêection hologram (and, hence, the high sensitivity of the adaptive interferometer based on it) can be achieved only if the concentration of photoactive traps is high enough. This concentration in case under study can be estimates as N a 5 2 Â 10 22 m À3 .
One can see that the sensitivity of the adaptive interferometer based on the diffusion Denisyuk hologram is only 5.7 times smaller than that of the classical homodyne interferometer, which has no optical losses and is not adaptive.
Conclusions
We have considered papers devoted to the theoretical analysis, experimental studies and application of dynamic Denisyuk holograms written in cubic photorefractive crystals in adaptive measuring systems. The history of the development of studies on reêection holograms in cubic photorefractive crystals has been outlined. The results of measurements of optimal polarisations of interacting waves and optimal crystal cuts obtained by various researchers have been presented. It has been shown that in the general case for the crystal thickness larger than the critical one, the (001) and (111) cuts are not optimal. The equations for arbitrarily polarised coupled waves have been considered which describe the interaction of counterpropagating waves on reêection gratings produced due to the diffusion mechanism in cubic photorefractive crystals of the arbitrary cut, which show in the general case the natural optical activity. The results of the analysis of the two-beam interaction of linearly polarised waves on reêection photorefractive gratings have been presented. It has been pointed out that in the (100)-cut bismuth titanate crystals of thickness smaller than 10 mm, the effective gain in the interaction of two counterpropagating waves can achieve 7 cm À1 without applying the external electric éeld. The application of the Denisyuk reêection scheme for realising adaptive elements in measuring systems based on optical and ébreoptic interferometers has been demonstrated. Such measuring systems can be successfully used under real conditions due to their ability to adapt to the uncontrollable variations in the environment. We have considered the schemes of interaction of two counterpropagating waves on reêection holograms in the Ca, Ga : Bi 12 TiO 20 crystal, which realise the adaptive correlation élter, and the adaptive interferometer based on the vector wave mixing. The experimental dependence of the relative detection limit of the holographic interferometer on the spatial period of the photorefractive grating produced in V : CdTe crystals has been presented, which demonstrates the advantages of the Denisyuk scheme over the conventional transmission scheme for writing photorefractive holograms.
